Abstract One factor women consider when deciding whether to pursue amniocentesis is the risk of miscarriage. People use mechanisms like anchoring, or the prior belief regarding the magnitude of risk, as a frame of reference for new information. This study aimed to determine a woman's perception of miscarriage risk associated with amniocentesis before and after genetic counseling and to determine what factors anchor a woman's perception of miscarriage risk. One hundred thirteen women being seen for prenatal genetic counseling and possible amniocentesis at six Houston clinics participated in the two-part anonymous survey. While most women (56.7 %) perceived the risk as low or average pre-counseling and indicated the numeric risk of amniocentesis as <1 %, significantly more patients (73 %) correctly identified the numeric risk as <1 % post-counseling (p<0.0001). However, the majority of patients' qualitative risk perception did not change after the genetic counseling session (60 %). Those who changed their feeling about the risk after counseling showed a decreased perception of the risk (p<0.0001). Participants who elected amniocentesis had a significantly lower perception of the risk (p=0.017) whereas those who declined amniocentesis were more likely to view the risk as high (p=0.004). The only two anchoring factors that had an effect were having a friend or relative with a personal or family history of a genetic disorder (p = 0.001) and having a child already (p = 0.038); both were associated with a lower risk perception. The lack of significant factors may reflect the uniqueness of each patient's risk assessment framework and reinforces the importance of genetic counseling to elucidate individual concerns, particularly as noninvasive prenatal testing becomes more widely available and further complicates the prenatal testing landscape.
Introduction
Amniocentesis is the most common invasive procedure used to diagnose genetic conditions prenatally (Eddleman et al. 2006 ). There is a well documented risk of miscarriage associated with amniocentesis (Philip and Bang 1978; Simpson et al. 1976; Niermeijer et al. 1976; Leschot, Verjaal, and Treffers 1985; Blessed, Lacoste, and Welch 2001) . In 1995, the Centers for Disease Control and Prevention (CDC) released a statement that reported the risk of miscarriage after amniocentesis to be between 0.25 and 0.5 %. This risk became generalized as the 1 in 200 risk routinely quoted with amniocentesis (Control and Prevention, Morbidity, and Mortality Weekly Report 1995). Over time, other studies have shown varied ranges of risk associated with amniocentesis (Niermeijer et al. 1976; Leschot et al. 1985; Blessed et al. 2001) . In 2006, the large multi-center First and Second Trimester Evaluation of Risk (FASTER) trial used information collected during the study to calculate the miscarriage rate in the amniocentesis group and found it was 1/1600 or 0.006 % higher than women who had not undergone amniocentesis. This risk of miscarriage associated with amniocentesis was therefore suggested to be much lower than previously reported (Eddleman et al. 2006) . Subsequently in 2007, the American College of Obstetricians and Gynecologists (ACOG) issued a practice bulletin summarizing the miscarriage rate associated with amniocentesis (ACOG Practice Bulletin No. 88: Invasive Prenatal Testing for Aneuploidy 2007). The ACOG committee document states the miscarriage rate associated with amniocentesis is 1/300-1/500. This range of risk figures attempted to capture the breadth of miscarriage rates quoted by various studies.
While many studies have agonized over clarifying the magnitude of risk, few have investigated the framework that patients use to interpret the risk and whether a discussion of the risk changes a patient's perception. Given that a discussion with a genetics healthcare professional is not typically the patient's first introduction to amniocentesis, the quantitative risk for miscarriage with amniocentesis may not be the only factor that influences a woman's perception of the miscarriage risk. In a broader context when an individual evaluates risk, empirical data describing the incidence of the event being evaluated is rarely available to them; rather, individuals usually rely on other situations that they are personally aware of to judge the riskiness of a situation (Patt and Schrag 2003; Shiloh 2006) . Amos Tversky and Daniel Kahneman introduced the concept of anchoring to describe the situation when a person estimates a risk value by first considering an initial value, whether correct or not, and adjusting that risk using a variety of judgments to result in a final answer (Tversky and Kahneman 1974) . For example, a woman who hears that amniocentesis is very risky from a friend prior to genetic counseling may have more difficulty assimilating the data provided by the genetic counselor that shows that the risk is less than 1 % than another woman who has not heard about the risk. In a systematic review of decision-making in prenatal diagnosis, St. Jacques and colleagues found that a multitude of factors influence the decision to pursue testing, including societal pressures, family relationships, lack of information, and personal values (2008) . Therefore, exploring what factors influence a given woman's perception of the miscarriage risk associated with amniocentesis is important during genetic counseling.
To date, no study has specifically examined the influence that anchoring has on the perception of miscarriage risk associated with amniocentesis. Therefore, this study aimed to determine what factors are most likely to anchor a woman's perception of miscarriage risk associated with amniocentesis and to determine a woman's perception of risk of miscarriage associated with amniocentesis before and after a genetic counseling session.
Methods

Participants
Pregnant women who were attending prenatal appointments and who met eligibility requirements were offered participation at one of six University of Texas Medical School at Houston, Department of Obstetrics, Gynecology, and Reproductive Sciences, Division of Maternal Fetal Medicine affiliated high-risk pregnancy clinics that had been approved as collection sites. This project was reviewed and approved by the institutional review board at the University of Texas Health Science Center and Memorial Hermann Healthcare System.
In order to be eligible, the patient's indication had to involve the possibility of having an amniocentesis performed at the visit, thus the indications were primarily advanced maternal age (age 35 years or older at the estimated date of delivery) and abnormal serum screen results (from first or second trimester screens). Patients had to be a least 18 years of age and English speaking. Eligible women were provided a letter of invitation by the front desk staff at the prenatal clinics. Participants were recruited between September of 2009 and February of 2010.
Survey Instruments
A three part survey was developed to assess women's perceptions about the miscarriage risk associated with amniocentesis as well as to assess the factors that influence their perceptions. The first two anonymous sections were completed by the participants. The genetic counselor involved in the care of the participant completed the third part. The first section was given to women while they waited for their genetic counseling appointment. It contained a brief description of amniocentesis, questions regarding numeric quantification of the risk of amniocentesis, Likert scales assessing the participant's feelings regarding the risk, demographic information, and a series of checklists of factors postulated to anchor participants, such as people with whom the participant might have discussed amniocentesis, sources where they might have gained information, and family and personal history of genetic conditions. The second section of the survey was administered after the genetic counseling session but before the ultrasound and asked participants to again quantify the risk of miscarriage associated with amniocentesis and rate their feelings about the riskiness of the procedure. Quantification of miscarriage risk could be provided in two possible formats, either: number of women out of 1000, or as a percentage. This part also asked women whether or not they were planning to undergo the amniocentesis and asked them to explain the reasons for their decision. The third section of the survey contained pregnancy information and was completed by the genetic counselor after the counseling session to help ensure accuracy.
Data Analysis
Data was compiled in a Microsoft Excel spreadsheet and statistical analysis was performed using STATA software. Answers regarding the numeric risk figure before and after counseling were converted from proportion out of 1000 to a percentage for consistency in analysis. If the participant answered both a proportion and a percentage, the percentage was used in analysis. Descriptive statistics were used for distribution of demographic variables such as race, education, income, and religion. Contingency tests (chi-square or Fisher's exact test based on whether expected values in each cell were greater or less than 5) were used to evaluate the differences in frequencies of each risk perception category with respect to various factors including personal experience with amniocentesis, having a friend or relative with a genetic disease, and pregnancy information. Changes in risk perception from before to after counseling were also calculated. Wilcoxon signed rank test was used to compare the magnitude and direction of these changes after stratification by the factors mentioned above. Statistical significance was assumed at a Type 1 error rate of 0.05. Due to the exploratory nature of the study, adjustments for multiple comparisons were not made.
Results
Demographics
The sample consisted of 113 first sections, 104 s sections, and 110 third sections. Ninety-nine surveys had all three sections completed. Participants were asked to indicate their race, education level, and religion. The majority of participants were Christian, either Protestant (51.88 %) or Catholic (25.47 %). However, the sample was racially diverse, with 35.14 % identifying as Caucasian, 26.13 % identifying as Hispanic, 24.32 % identifying as African American, and 9.01 % identifying as Asian. The education level of participants was also diverse, with 7.21 % having some high school education, 22.52 % completing high school, 26.13 % having some college education, 30.63 % completing college, and 13.51 % with graduate school experience.
Pre-counseling
Before the genetic counseling session, patients were given the opportunity to indicate how many women they believed would miscarry following the amniocentesis. The answers from the 47 participants who completed this question set were categorized into ranges for ease of analysis. Most of the participants (n=27; 57.4 %) believed the risk to be between 0 and 1 %, while some indicated a risk between 1.1 and 2 % (n=7; 14.9 %) or between 2.1 and 5 % (n=8; 17.0 %). A few participants indicated higher numeric risks, with two choosing numbers between 7 and 10 %, one between 11 and 25 %, one between 26 and 40 % and one between 41 and 60 %.
More participants completed the questions asking them to indicate their perception of the risk of miscarriage associated with amniocentesis before counseling in Likert scale format (n=74). Participants were divided in their perception of the risk, with 18.9 % (n=14) feeling the risk was very low, 27.0 % (n=20) feeling the risk was low, 29.7 % (n=22) feeling the risk was average, 14.9 % (n=11) feeling the risk was high, and 9.5 % (n=7) feeling the risk was very high.
When investigating factors that might be anchoring women's perception, most factors were found to be nonsignificant, including discussion of amniocentesis with others, previous experience with amniocentesis, education about amniocentesis, and demographics. In this analysis, only two variables were statistically significant: knowing a friend with a child or personal history of a genetic disease or birth defect (p=0.001) and total number of pregnancies (p=0.038). If a participant knew a friend, relative, or coworker with a personal history or a child with a genetic disease (n=24), they tended to view the risk of miscarriage as lower than those who did not know a person with this history, but only two specific relationships were found to be statistically significant: knowing a friend with a genetic disease (p=0.013) and knowing another relative with a genetic disease (p=0.025). These individuals were more likely to view the risk as low. Women who had one living child (n=28) were more likely to indicate a risk on the lower end of the range (p=0.038) than primagravida women. Participants who had more than two living children were included in the analysis, but the sample sizes were much smaller and did not show an obvious trend.
Post-counseling
Ninety participants indicated a miscarriage risk quantification after counseling. As with the first section of the survey, all of the responses were converted to percentages and put into ranges for ease of comparison. The vast majority of participants, 73 % (n=66), indicated the risk to be between 0 and 1 %. The remaining responses ranged widely, with 8.9 % (n= 8) indicating the range to be between 1.1 and 2 %, 5.6 % (n= 5) between 2.1 and 5 %, 3.3 % (n=3) between 7 and 10 %, 3.3 % (n=3) between 26 and 40 %, 1.1 % (n=1) between 41 and 60 %, and 4.4 % (n=4) between 81 and 100 %.
A total of 100 participants indicated their perception of the amniocentesis miscarriage risk after genetic counseling in Likert scale format. Twenty-five percent (n=25) of participants felt the risk was very low, 31 % (n=31) low, and 23 % (n=23) felt the risk was average. Fewer participants though the risk was high (16 %; n=16) or very high (5 %; n=5).
The comparison of miscarriage risk quantification before and after the counseling session is illustrated in Fig. 1 . While most participants, both before and after counseling, indicated that the risk of miscarriage associated with amniocentesis was 1 % or less, significantly more indicated the correct numeric range post-counseling (p<0.0001, chi-square test, degrees of freedom, df=1).
A comparison was made between the responses of the 65 participants who provided a risk perception both before and after the genetic counseling session. Figure 2 illustrates the total change indicated by participants. A negative change indicates that the patient perceived the risk as lower on the Likert scale after the counseling session compared to their perception before counseling, whereas a positive change denotes that a participant felt the risk was higher after the session. A majority of patients did not change their perception after the counseling session (60 %). However, those whose risk perception did change after the counseling session were more likely to reduce their perceived level of risk. A Wilcoxon signed rank test demonstrated an overall significant difference in an individual's risk perception before and after the genetic counseling session (p=0.008, z-statistic, df=26).
There was a statistically significant association between participants' perception of the risk after the genetic counseling session and their plan about whether or not to proceed with amniocentesis (p=0.017). Participants who indicated that they would proceed with amniocentesis (n=37) were more likely to view the risk as very low (45.9 %; n=17) or low (27 %; n= 10), whereas those participants who did not wish to proceed with amniocentesis (n=38) were more likely to indicate higher values on the Likert scale (p=0.004). Women who stated that they wished to proceed because they wanted to know whether or not the pregnancy was affected with a chromosomal problem were significantly more likely to perceive the miscarriage risk associated with amniocentesis as low (p=0.015) compared to women who chose another rationale.
Discussion
A relatively diverse set of women who attended a prenatal appointment consisting of genetic counseling, an anatomy ultrasound, and a possible amniocentesis were asked to indicate their perception of the risk of amniocentesis and discuss factors that may have influenced their perception. to provide a numeric risk, over half of the women (57 %) responded that they believed the risk to be 1 % or less while only 5 participants indicated the risk was greater than 5 %. Thus, while many women may not know the exact risk of miscarriage, approximately half estimated the risk similar to the risks quoted in the literature and very few drastically overestimate the risk (ACOG Practice Bulletin No. 88: Invasive Prenatal Testing for Aneuploidy 2007).
In contrast, when women were instead asked to rate how they perceived the risk of amniocentesis on a Likert scale of very low to very high, there was a generally normal distribution across the risk perception scale. Therefore, while most women were able to articulate a relatively accurate quantitative picture of the risk with amniocentesis, their view of what that risk meant was quite disparate. Since individuals use their original perception of a risk as a framework when importing new information to alter their risk perception, understanding the perception brought to the genetic counseling session outside of the numeric value is essential to having a full discussion that leads to informed decision making (Slovic, Fischhoff, and Lichtenstein 2000) .
Anecdotally, patients often share discussions that they have had with others prior to the counseling session or information that they have read which has influenced their understanding of prenatal diagnosis. Thus it was surprising that when multiple comparisons were made between risk perception and various factors postulated to cause anchoring, that the only striking variable was for women with a connection to a genetic condition. Of those who indicated that they knew a person with a personal history of a genetic disease or a child with a genetic disease, most tended to perceive the risk of miscarriage as low, whereas those who did not know a friend or relative with this history were more likely to perceive the risk as average, (p=0.001). When compared to women who knew no one with a genetic disease, additional analysis revealed a statistically significant difference in risk perception before counseling for participants who specifically knew a friend (p=0.013) or another family member (p=0.025) with a genetic condition. These results suggest that experience with a genetic disease impacts risk perception. It may be that this personal connection allows women to envision a genetic condition happening to them and thus they place more value on the information that can be gained from the amniocentesis and downplay the risk.
Risk perception was stratified by a number of factors including demographics, discussions with various individuals about amniocentesis, personal experience with genetic counseling, previous education about amniocentesis, and personal experience with amniocentesis, and no other factors were found to be statistically significant. Therefore, what anchors each person to a certain risk perception appears to be multifaceted and individualized. Numeric probability, perceived severity, and context (such as family history and perceived etiology) all play a role in risk perception, and decisions regarding the riskiness of an event are rarely perceived without emotional influences (Austin 2010; Shiloh 2006) . Women making decisions regarding prenatal testing tend to rely on personal opinions, such as ethical convictions and emotional responses to invasive testing (Garcia et al., 2008) . Because risk perception is apparently such a personalized phenomenon, it highlights the need for highly trained health professionals such as genetic counselors to elucidate the salient factors for each patient and tailor the session to meet each patient's individual needs.
Since significantly more participants indicated a risk in the correct numeric range after counseling, the education provided during genetic counseling appears to appropriately reshape patients' perception of the numerical risk associated with amniocentesis. Interestingly, many patients had difficulty describing the numeric risk of amniocentesis in rate format, but they appeared to have a general understanding that the risk is 1 % or less. Many genetic counselors illustrate statistical risks to patients via pictorial representations such as graphs, rephrasing the risk value ("one in four hundred is less than one percent"), or using tangible objects like different colored marbles of varying frequency as a means to convey a numeric concept. This training and preparation allows the counselor to provide the information in the most effective way for each patient (Fine, Baker, Fidler, & ABGC Consensus Development Consortium, 1996; Weil 2000) . This study only further highlights the need for genetic counselors to use these techniques to continually assess a patient's understanding of the risk throughout the session as well as to frame the risk perception against the patient's individual emotional backdrop.
As might be expected, there was a statistically significant association between participants' perception of the risk after the genetic counseling session and their plan about whether or not to proceed with amniocentesis (p=0.017), with those who indicated that they would proceed with amniocentesis being more likely to view the risk as very low or low compared to those declining amniocentesis. Therefore women who elected amniocentesis perceived the risk as lower than those who did not want to undergo the procedure. Individuals often must provide justification for decisions they make due to pressures from society, authority, or self (Huber, Bar, and Huber 2009 ). In the case of amniocentesis, a woman may have to provide justification of her decision to herself, her doctor, her family, or her spouse; therefore, she may rationalize that the risk of the procedure is low and thus it was a good decision to have an amniocentesis.
While significantly more participants knew the true numeric risk post-counseling (p<0.0001), the perception of the risk remained unchanged for the majority of patients (60 %). This finding is particularly interesting because it appears that the genetic counseling session has little effect on the emotional perception of the risk for many patients, even though much of the session is typically focused on a discussion of aneuploidy, amniocentesis, and miscarriage risk. This finding may indicate that many patients' feelings about the miscarriage risk and amniocentesis procedure are rigidly anchored before they speak with a counselor, and discussions with the counselor have little to no influence on their final emotional perception. Perhaps patients use the information that the counselor provides as further "proof" of the acceptability of their preconceived decision. For example, if the patient perceives the risk of miscarriage associated with amniocentesis as high and does not feel that she wants to proceed with the amniocentesis, she may focus on the possibility of miscarriage due to the procedure during the session as further justification for her perception. Patients who are more anxious about the possibility of a chromosomal condition may choose to interpret the aneuploidy risk as high and the risk of miscarriage from amniocentesis as low. For participants whose risk perception did change after the counseling session, they were significantly more likely to reduce their risk perception. However, no specific factors were found to be associated with a participant being more likely to change her perception. With the introduction of new screening modalities such as NIPT to further muddy the waters, the importance of investigating risk perception and perceived accuracy of testing will be even more salient for health care providers.
Strengths and Limitations
The relatively large and diverse sample set in this study allows for reasonable conclusions to be drawn that are likely applicable to other patient populations across the country. Given that roughly a third of participants were Caucasian, a quarter were Hispanic, and a quarter were African American and that there were no statistically significant differences between ethnic groups, it seems that factors that anchor risk perception cannot be generalized by ethnic group. This further supports the need for the personalized approach to genetic counseling. However, since only English-speaking patients were offered participation, further study may be needed in other populations where English is not the primary language to determine if anchoring effects are more homogenous in less acculturated groups.
Another strength of the study was the capture of risk perception both pre-and post-counseling. There are limited data regarding change in miscarriage risk perception associated with amniocentesis. This study shows that when risk perception does change, the perception tends to decrease, but that risk perception is unchanged for many seeking genetic counseling.
The use of a self-administered questionnaire was a major limitation, as many participants left sections blank. This was the most striking on the risk quantification piece, where 66 participants left the quantification question blank on the first section of the survey and 14 left the question blank on the second part. This may be due to the intimidation individuals feel regarding mathematical concepts or because they were afraid of being incorrect in spite of the anonymity of the questionnaire. Future studies may wish to explore alternate methods of assessing numeric risk to improve participation. Furthermore, simply having questions raised on the survey may cause an individual to consider an idea that they had not previously entertained. Care was taken in the design of the survey to use free response selections for numeric risk questions in order to limit the bias introduced by the study questions themselves. However, it should be acknowledged that due to the nature of the survey and the resultant data, the "correct" answer for risk perception was in the lowest end of the scale. Therefore, it is possible that there was a floor effect whereby, respondents who had answered correct in the precounseling survey, persisted with their "correct" answer not due to an accurate perception of the risk but rather due to the fact that their previously low answer did not afford them an opportunity to select an even lower answer, i.e. their response remained unchanged not because of an accurate assessment of the risk but rather due to the limitation intrinsic to the measurement tool. It was not possible to assess this with the data available.
Although we conducted multiple univariate tests, the analysis was not adjusted for multiple comparisons due to the exploratory nature of the study, and a less stringent p-value threshold of <0.05 was utilized to assess statistical significance. Finally, we did not account for the number of women who refused to participate in the study; therefore, those who completed the survey may have been motivated to do so and may bias the results of the study.
Conclusion
In conclusion, this study aimed to determine how prenatal patients perceived the risk of miscarriage associated with amniocentesis before and after a genetic counseling session. The study also attempted to determine what factors anchor a woman's perception of that risk. In general, most women perceived the risk as low or average pre-counseling and were likely to indicate the risk of amniocentesis as <1 % risk. A significantly higher percentage of patients correctly identified the numeric risk as <1 % post-counseling when compared to pre-counseling. However, the majority of patients' feeling about the risk perception did not change after the genetic counseling session, regardless of how they perceived the risk before discussing amniocentesis with a genetic counselor. When perception changed, it was significantly lower postcounseling (p < 0.0001). Surprisingly, the only factor consistently found to influence risk perception was contact with a genetic condition. The lack of overwhelmingly significant anchoring factors may reinforce the importance of genetic counseling to elucidate individual concerns. While the practice-based competencies for genetic counselors discuss the importance of exploring psychosocial issues with patients in a broad sense, this is generally interpreted as relating to the patient's social and family support, their feelings about genetic disease, and their coping techniques (Fine et al., 1996) . Little attention has been paid to putting risk perception in the context of the patient's psychosocial viewpoint. This study illustrates that while genetic counselors may adequately educate patients on specific informational points, for a session to be truly successful a counselor needs to attend to the emotional framework that the patient brings to the session. The 2013 version of the practice based competencies touch on the importance of using advanced techniques to explore a client's response to risks that are presented; therefore, more robust discussion of risk perception may be incorporated into genetic counseling education (Accreditation Council for Genetic Counseling 2013).
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